Polyacrylamide gel electrophoresis was conducted on genomic RNA extracted from rotaviruses detected in diarrheic pigs from conventional swine herds. Ninety samples contained sufficient virus for RNA band visualization and genome classification. Genome profiles were characteristic of typical group A rotaviruses in 67.8% of the 90 samples, of group B rotaviruses in 10.0%, and of group C rotaviruses in 11.1%. In 11.1% of the samples, the presence of more than 11 bands suggested concurrent infection with more than 1 strain of rotavirus. In infections among nursing pigs, 76.4% were group A rotaviruses, 7.4% were group B, 7.4% were group C, and 8.8% were coinfections. In infections among weaned pigs, 40.9% were group A, 18.2% were group B, 22.7% were group C, and 18.2% were coinfections. Coelectrophoresis with prototype OSU and Gottfried strains revealed a great diversity in electropherotype among field strains of rotavirus.
Rotaviruses are members of the Reoviridae, which also includes the reoviruses and orbiviruses, and have the segmented double-stranded RNA genome characteristic of the family. In negative-stained samples prepared for electron microscopic examination, rotaviruses and reoviruses both appear as circular particles, approximately 70 nm in diameter, with distinct outer capsids. 14 Because of this morphologic similarity, the rotaviruses initially described were referred to as reolike viruses. 11 Rotaviruses were discovered first in calves 19 and children 3 and have since become established as a cause of neonatal diarrhea in many species of animals, including humans. 14, 33 Evidence for rotavirus infection has been demonstrated in nearly all animal species examined, either by serologic evaluation or by virus detection. 29 All rotaviruses initially described contained a common group antigen, 32 a 41,000-kd protein situated in the inner capsid and encoded by genome segment 6. 18 Recently, viruses have been identified that exhibit the characteristic wheellike appearance of rotaviruses but lack the common group antigens of known rotaviruses. 6 These atypical or novel rotaviruses can be distinguished from typical rotaviruses and from each other by characteristic migration patterns of the segmented RNA genome in polyacrylamide gel electrophoresis, by RNA terminal fingerprint analysis, and by serologic assay. 21, 25 Using these criteria, rotaviruses have been assigned to 6 groups with the typical rotaviruses comprising group A and the atypical rotaviruses groups B, C, D, E, and F. 6 Experimentally, atypical rotaviruses induce enteric disease similar to that induced by typical rotaviruses. 6 Infection of swine with typical rotaviruses was first described in 1975. 31 These ubiquitous viruses apparently are present in all conventional swine herds. 30 Atypical rotaviruses, later characterized as group B (rotaviruslike virus) and C (pararotavirus) rotaviruses, were first detected in swine in 1980. 5, 23 Serologic surveys have indicated antibodies to rotaviruses belonging to groups A-E are common in most swine populations. 6 Rotavirus is a frequent cause of diarrhea in young swine. In this study of diarrheic pigs submitted to the diagnostic laboratory, the incidence of infection with atypical rotaviruses relative to infection with typical rotaviruses was determined.
Materials and methods
Specimens. Fecal samples and intestinal contents were collected from diarrheic pigs submitted as routine accessions to the South Dakota Animal Disease Research and Diagnostic Laboratory. During standard case workups, these samples were examined for rotavirus by negative-stain electron microscopy. 17 Samples in which rotavirus was detected, and in which sufficient material for further studies remained, were subjected to RNA extraction procedures and polyacrylamide gel electrophoresis.
Nucleic acid extraction. Rotaviral double-stranded RNA was extracted directly from field case samples by methods previously described. 27 Polyacrylamide gel electrophoresis. Polyacrylamide gel electrophoresis (PAGE) was conducted on extracted RNA, using a discontinuous buffer system. 15 The electrode buffer (pH 8.3) contained 0.25 M tris (hydroxymethyl) aminoethane, 0.09 M glycine, and 0.1% sodium dodecyl sulfate (SDS). The vertical slab separating gel (12 cm high × 0.75 mm thick) consisted of 7.5% acrylamide, 0.19% bis-acrylamide, 0.375 M tris (hydroxymethyl) aminoethane (pH 8.7), and 0.1% SDS polymerized with 0.03% ammonium persulfate and 0.03% tetramethyl ethylenediamine (TEMED). The separating gel was topped with a 1-cm-high stacking gel (5% acrylamide, 0.13% bis-acrylamide, 0.12 M tris [hydroxymethyl] aminoethane [pH 6.81, and 0.1% SDS polymerized with 0.09% TEMED and 0.05% ammonium persulfate) with 15 sample chambers. A 20-µ1 aliquot of RNA in sample buffer was added to each chamber. Electrophoresis was conducted in a vertical slab gel electrophoresis unit a at ambient room temperature for 3-4 hr at 35-40 mA per gel. The RNA bands in the gels were stained with silver. 10 Coelectrophoresis. The RNA profiles of group A rotaviruses from 35 field samples were compared with the profiles of prototype OSU (porcine serotype 1) and Gottfried (porcine serotype 2) group A rotaviruses by coelectrophoresis. The prototype viruses were propagated in MA-104 cells, 2 and the RNA was extracted by the same method used on field viruses. Coelectrophoresis was accomplished by adding a 10-µ1 aliquot of each virus to the same sample chamber.
Results
One hundred forty-six samples of intestinal contents or feces that contained rotavirus, as determined by electron microscopic examination, were subjected to electrophoresis. Samples were from diarrheic pigs from 145 different herds (conventional farming operations) in 6 states (South Dakota, North Dakota, Iowa, Minnesota, Nebraska, and Missouri). Ninety samples yielded sufficient RNA for visualization of characteristic migration patterns of the 11 genomic segments and assignment of the rotavirus to group A (4-2-3-2), B (4-2-2-3) or C (4-3-2-2) ( Fig. 1) .
Typical group A rotaviruses were detected in approximately two-thirds of the samples (Table 1) . Banding patterns in nearly one-fourth of the samples were characteristic of atypical rotaviruses. In 10 samples, the presence of more than 11 bands suggested concurrent infection with more than 1 strain of rotavirus. The pattern in 1 coinfection was suggestive of infection with 2 electropherotypes of group A rotavirus. Two coinfections appeared to include a group A strain and a group B strain. No conclusions could be derived from the other coinfection patterns.
Among nursing pigs, over three-fourths of the rotaviruses detected were typical group A rotaviruses. In contrast, among weaned pigs, atypical rotaviruses (total of groups B and C) were as common as typical group A rotaviruses. The percentage of coinfections was over twice as high in weaned pigs as in nursing pigs. In 1 instance, typical group A rotavirus was detected in nursing pigs and group C rotavirus in weaned pigs submitted at the same time from the same farm.
Coelectrophoresis studies indicated that a wide variety of electropherotypes exists. Field strains varied less extensively from the profile of the Gottfried prototype strain than from the OSU strain (Table 2) . Four strains were similar to the Gottfried strain in migration of all segments whereas only 1 strain was similar to the OSU strain. Fifty-four percent of the field strains (19 of 35) varied in 3 or fewer segments from the Gottfried strain. Only 17% of the field strains (6 of 35) varied in 3 or fewer segments from the OSU strain. The least variation was noted in segments 1, 3, 6, and 11 ( Table 3 ). Variation from the Gottfried strain was observed most frequently in segments 2 and 7. Variation from the OSU strain was observed most frequently in segments 4, 5, 7, and 9. In 31 of 35 field strains, segment 5 migrated differently than the corresponding segment of the OSU strain but similarly to segment 5 of the Gottfried strain.
Discussion
Electrophoresis of the genome of rotaviruses recovered from diarrheic pigs revealed a wide diversity among the rotaviruses present in conventional swine populations. Overall, the initially described classical group A rotaviruses predominated, but as a group, the atypical rotavirus strains were responsible for a considerable portion of rotavirus infections. In weaned pigs, atypical rotaviruses contributed to diarrhea problems as frequently as did typical rotaviruses. These results are consistent with the high prevalence of antibody to atypical rotaviruses in swine populations reported in earlier studies. 6 The wide variety of electropherotypes identified in this survey was expected. Studies in other animal populations and in humans have given similar results. 16, 22, 26 Very few field strains resembled the prototype strains. Variation occurred with most genome segments, and definite patterns of variation were not identified. Overall, field strains more closely resembled the Gottfried strain than the OSU strain. However, only limited inferences can be drawn from this information. Variation in genome profile does not always correlate with antigenic variation or with variation in nucleotide sequence. 7, 9, 12 An early study on reovirus indicated a single base change within an RNA segment resulted in a detectable change in the migration of that segment. 13 Conversely, segments with different nucleotide sequences may exhibit similar electrophoretic mobilities. 7, 12, 28 Correlation of electropherotype and serotype in porcine rotaviruses has been hampered by technical prob- Table 3 . Variation in migration pattern in each RNA genome segment of field viruses as compared with the migration of corresponding segments of prototype OSU and Gottfried porcine rotaviruses in coelectrophoresis. lems, which have interfered with serotype determination for large numbers of field strains. However, new serotype data are unlikely to reveal definitive correlations. Studies with human rotaviruses have indicated multiple electropherotypes within serotypes, as well as similar migration patterns for viruses of different serotypes. 1, 8 Nevertheless, although serotype could not be predicted from the electrophoretic profile, greater variation was observed between viruses of different serotypes or monotypes than between viruses belonging to the same antigenic group. 8 Concurrent infection of pigs with more than 1 strain of rotavirus was detected fairly frequently in this study. The incidence of multiple infection was especially high in weaned pigs, possibly because typical and atypical rotaviruses were equally common in pigs of this age range. Such coinfection offers abundant opportunity for genomic reassortment.
At present, 4 serotypes of group A porcine rotavirus have been identified. 4, 20 Multiple serotypes within the atypical serogroups may also exist. 6, 24 Potential exposure to a large number of antigenically distinct rotaviruses may explain the ubiquity of rotavirus infection in swine. Apparent reinfections within the same group of pigs actually may be sequential infections with different strains.
Such an array of rotaviruses also presents a more difficult problem in diagnosis and control. Diagnostic tests and reagents currently available, with the exception of electron microscopy, will detect only a portion of the rotaviruses with which pigs can be infected. Current vaccines contain only 2 group A serotypes. The existence of multiple strains also must be considered in evaluation of new diagnostic tests and trials of vaccine efficacy.
In summary, atypical rotaviruses are a common cause of diarrhea in conventional swine in the upper midwestern United States, especially in weaned pigs. The existence of multiple strains of antigenically diverse rotaviruses complicates diagnosis and control of these infections. 
